The biofertilization of crops using microbial biota in the soil (MBS) is a modern practice that is used to sustain fertility. MBS agents can promote the yield and health of crops, by luxuriating in the shoot as well as in the root systems. Farmers devoted to systematic MBS fertilization are creating a "Symbiotic" (S) form of agriculture, which offers a greater advantage of resilience than Conventional (C) or organic farming. Since MBS is involved in organic matter degradation, hay-litter-bag probes can be used to reflect a global functionality of the active soil, in the short-medium term. It is here shown that the NIRS hay-litter-bag technique, intended not as mass decay but as a quality evolution of the hay probes, can be modelled as a valid footprint of S vs. C soils. A patented MBS was used in eight experiments in which litter-bags from an S treated thesis were compared with equivalent litter-bags from a non-inoculated C thesis. The chemical signature of the S vs. C in the litter-bag composition was a percentage decrease of sugars and fibres. A smart NIRS device was used to discriminate the origin of the S vs. C litter-bags and a sensitivity of 71% (P<0.0001) was obtained. External validations on 37 S farms showed that three NIRS models discriminated the true positive S spectra, with a sensitivity of 90% as single and 98% as compound probabilities The NIRS radiation of the hay-litter-bags confirmed the results of the S vs. C agriculture soil footprint. Moreover, the SCIO-NIR devices also made it possible to connect the S farms in a smart network.
Introduction
Biofertilizer arbuscular mycorrhizal fungi (AMF) and plant growth-promoting rhizobacteria (PGPR) are prominent protagonists in the sustainability search for global agriculture 1 , also concerning the horizons of the BioAg Alliance 2 and Engineering 3 . Their potential can be spread to the different agricultural systems described by Narain 4 , thanks to the properties of resilience inductors 5 . A meta-analysis of field studies on the responses of wheat to AMF 6 has highlighted that field AMF inoculation can be proposed as an effective agronomic practice for wheat production, with aboveground biomass increases of around 20%, as assessed under Indian 7 and in high 8, 9 or low 10 Italian input conditions. AMF phenotypes are expressed in accord to the Law of the Minimum
11
. Phosphorus acquisition efficiency is the key feature 12, 13 , but Thirkell et al. 14 managed to resolve the paradox of nitrogen:
while N-mineral fertilization has been shown to elicit luxuriating and strong mutualism, similar responses have been found to be lacking following the addition of Norganic substances; the Authors, have shown that allowing hyphae access to an organic material can improve the total N and P content, with a simultaneous and substantial increase in the plant biomass (+66% for both the hypogeal and epigeal). The use of fertilizer microbial biotas of the soil (MBS), even at a minimal density of 14 AMF spores per maize seed 8 , has multiple effects: acidification of the roots and stem 15 ; greater resistance to disease 16 ; fortifications of the functional properties, such as the antioxidant potential 17, 18 .
Several beneficial effects have been observed along the forage-milk-meat chain 19, 20, 21 .
The agricultural market crisis in Italy and
Europe has led to a diversification of the supply of products, and also of the methods adopted to obtain different sustainable productions. For some time, several both conventional and organic farmers have engaged in a so called "Symbiotic Agriculture" (S) 22 , in which a systematic use of MBS biofertilizers is adopted. and for meat discrimination 21 .
Experimental Procedure
The method presented in this study excludes showed a less pronounced downward trend.
Litter-Bag
The easiest and most repeatable substrate for field-scale purposes was identified as being a hay for small animals ("Vita Verde Small Animal Alpine Hay", by
Vitakraft pet care GmbH & Co. KG, Bremen, DE). The hay was ground in a 3 mm grid forage mill (Retsch GmbH, Haan, DE). About 5 g of hay was packed into half empty 10x10cm square polypropylene nets (1.5 mm mesh), which were then resealed using 4 staples, and a plastic label was added for identification and for easiness of finding purposes. The probes were inserted vertically near the roots and remained underground for about 60 days. They were then dried at mild temperature, gently cleaned and preserved at room temperature.
Litter-Bag Composition
The chemical composition of the hay and litter-bag residues was predicted, using a Perkin Elmer was calculated for each model. In order to formalize an "NIRS biofertilizer footprint", the best three models were then considered for single and for compound probabilities of false negative, by applying a "symbiotic"
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score predicted from the three independent models to each spectrum: a value of 1 was scored for the S grade and a value of 0 for the C grade. The total symbiotic score of a litter-bag thus varied from 0 (Conventional, nine C=0 from the three models applied to the three spectra) to 3 (fully Symbiotic, when the three models all predicted S=1). The compound probability of the non-S outcome, that is, the false-negative cases, was then fitted from the 318 S spectra.
The composition of the litter-bags was analysed by means of a mixed one-way model considering the soil type (S vs. C) fixed and the effect of the experiments random 30 .
Results
NIRS Discrimination of the Litter-Bag Origin
The calibration of the SCIO spectra from experiments 1-8 is reported in Tab 
Litter-Bag Composition
As far as the evolution trend of the litter-bags 
Conclusions
Obtaining knowledge about functional soil biota is expensive, as well as long and hard to achieve.
Moreover, problems in use may arise. Smart sensors that match offline solutions in performance while enabling size reductions, low power consumption, low unit costs, low maintenance costs and data fusion 43 
